The question of which type of prosthetic aortic valve leads to the best outcomes in patients in their 60s remains controversial. We examined the hemodynamic and clinical outcomes of aortic valve replacement in sexagenarians according to the type of prosthesis. Methods: We retrospectively reviewed 270 patients in their 60s who underwent first-time aortic valve replacement from 1995 to 2011. Early and late mortality, major adverse valve-related events, anticoagulation-related events, and hemodynamic outcomes were assessed. The mean follow-up duration was 58.7±44.0 months. Results: Of the 270 patients, 93 had a mechanical prosthesis (mechanical group), and 177 had a bioprosthesis (tissue group). The tissue group had a higher mean age and prevalence of preoperative stroke than the mechanical group. The groups had no differences in the aortic valve mean pressure gradient (AVMPG) or the left ventricular mass index (LVMI) at 5 years after surgery. In a sub-analysis limited to prostheses in the supra-annular position, the AVMPG was higher in the tissue group, but the LVMI was still not significantly different. There was no early mortality. The 10-year survival rate was 83% in the mechanical group and 90% in the tissue group. The type of aortic prosthesis did not influence overall mortality, cardiac mortality, or major adverse valve-related events. Anticoagulation-related events were more common in the mechanical group than in the tissue group (p=0.034; hazard ratio, 4.100; 95% confidence interval, 1.111-15.132). Conclusion: The type of aortic prosthesis was not associated with hemodynamic or clinical outcomes, except for anticoagulation-related events.
Introduction
The current guidelines for aortic valve replacement from the American College of Cardiology (ACC), the American Heart Association (AHA), and Society of Thoracic Surgeons suggest age thresholds of 70 and 65 years [1, 2] . The implantation of aortic bioprostheses has recently become more common in this relatively young population [3, 4] . The 2017 guidelines of the European Society of Cardiology (ESC) suggest a lower age threshold than was presented in the previous version [5, 6] . Because the life− 101 − known which type of aortic prosthesis is best for patients in their 60s, as previous studies have included populations with a wide range of ages and did not review hemodynamic outcomes according to age [8] [9] [10] [11] [12] [13] . The aim of the present study was to investigate hemodynamic outcomes, mortality, valve-related complications, and anticoagulation-related events in patients in their 60s according to the type of aortic prosthesis used.
Methods

1) Selection of patients and prostheses
This study included patients who underwent aortic valve replacement as their first cardiac operation in their 60s, between the dates of January 1995 to December 2011. The exclusion criteria were a Bentall operation, other concomitant cardiac valve replacement, aortic valve replacement for infective endocarditis, and acute coronary syndrome.
The patient's age at the time of surgery was an important factor for prosthesis selection. We recommended a mechanical aortic prosthesis for patients younger than 65 with no contraindications for chronic anticoagulation. We also considered the patient's preferences and the likelihood that chronic anticoagulation would be necessary. Our institutional review board of Samsung Medical Center approved the study protocol (IRB approval no. 2012-12-075) and waived the need for consent from patients or their relatives.
2) Follow-up Standard guidelines were used to define mortality and morbidity [14] . Cardiac-related mortality was defined as a death that was cardiac-related or sudden death without any specific cause. Major valve-related adverse events (MAVREs) included any structural or non-structural prosthesis dysfunction, valve thrombosis, embolism, bleeding, and prosthetic endocarditis. We defined anticoagulation-related events as all thromboembolic and bleeding events.
Follow-up transthoracic echocardiography was performed before discharge and at 1, 3, and 5 years postoperatively. The aortic valve mean pressure gradient (AVMPG, mm Hg) and the left ventricular mass index (LVMI, g/m 2 ) were analyzed to compare early hemodynamic performance and outcomes. Left ventricular end-systolic and diastolic dimensions were obtained in the parasternal view in accordance with the American Society of Echocardiography guidelines [15] . The left ventricular ejection fraction was calculated using the Simpson biplane method. The AVMPG was calculated with the Bernoulli equation. The left ventricular mass was calculated using the formula of Devereux and Reichek [16] . The LVMI was defined as the left ventricular mass divided by the body surface area. Complete echocardiographic data at 1 year after surgery were available for 235 of the 258 patients (91%) and at the 5-year follow-up for 136 (65%) of the 210 patients who survived for longer than 5 years.
To determine the effects of educational status and residence on anticoagulation-related complications, we recorded patients' place of residence during follow-up and their highest level of education. Place of residence was defined as the place where the patient was living at the time of data collection and included 2 categories: (1) the province in which our institution was located, or (2) any other province. Educational level was also divided into 2 categories: (1) not a high school graduate, or (2) a high school graduate or higher.
Data were acquired by medical record review and direct telephone interviews with patients or their families. Follow-up was completed for all patients. Most patients (84%) received outpatient follow-up at Samsung Medical Center, but some (12%) received outpatient care elsewhere. The National Registry of Births and Deaths was used to verify survival status and cause of death in the remaining 4% of patients.
All patients who received a mechanical valve were placed on lifelong anticoagulation treatment with warfarin. Our target for the international normalized ratio (INR) was between 1.7 and 2.5, depending on the presence of risk factors for thromboembolism, such as atrial fibrillation or a history of cerebral infarction. After achieving a stable INR level, we followed up patients every 2 to 3 months and adjusted the dose of warfarin. Patients who underwent tissue aortic valve replacement were placed on lifelong antiplatelet therapy as tolerated and received strict hypertension control. The mean overall duration of follow-up was 58.7±44.0 months (maximum, 198 months; 1,321 patient-years in total). Values are presented as number (%) or mean±standard deviation.
3) Surgical technique
Aortic valve replacement was performed under standard cardiopulmonary bypass with bicaval cannulation and moderate hypothermia. Spaghetti or pledgeted 2-0 sutures were used to implant the prosthesis. New-generation mechanical prostheses, such as the St. Jude Medical Regent Valve (St. Jude Medical, St. Paul, MN, USA), the On-X Valve (On-X Life Technologies Inc., Austin, TX, USA), and Sorin Overline (Sorin Biomedica Cardio SpA, Saluggia, Italy), with a supra-annular implantation technique were exclusively used after 2002.
4) Statistical analysis
Descriptive statistics for categorical variables are reported as frequency and percentage and for continuous variables as mean±standard deviation. Categorical variables were compared between groups with the chi-square test or Fisher exact test, and continuous variables were compared with the 2-sample t-test or Wilcoxon rank-sum test, as appropriate. All statistical tests were 2-sided, with an alpha level of 0.05. Event-free survival curves were constructed with Kaplan-Meier estimates and compared with the log-rank test. Cox proportional hazard regression was performed to determine the predictors of overall mortality, cardiac mortality, MAVREs, and anticoagulation-related events. The following variables were entered into the model: age, gender, diabetes, hypertension, history of stroke, coronary artery disease, etiology of aortic valve disease, and New York Heart Association (NYHA) functional class. The stepwise forward method was used for model selection in the multivariate analysis. The results are reported as hazard ratios with 95% confidence intervals. Statistical analysis was carried out using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA).
Results
1) Patient characteristics and operative data
Based on our inclusion and exclusion criteria, 270 patients were enrolled in the study. The aortic valve pathologies were mostly degenerative (94%). Most patients had aortic valve stenosis (81%). Ninety-three patients (34%) had a mechanical aortic valve (mechanical group), and 177 (66%) had an aortic tissue prosthesis (tissue group). A bileaflet mechanical valve was used in most (75%) of the patients who received a mechanical aortic prosthesis. The Medtronic Hall Valve (Medtronic Inc., Minneapolis, MN, USA), which was implanted in 23 patients (25%), was the only tilting disc prosthesis that we used. The St. Jude Medical Regent Valve was implanted in 34 patients (37%), and was the most common implant in the mechanical group. Other types of bileaflet mechanical valves were used in 36 patients (39%). Bovine pericardial valves were used more often than porcine valves (bovine: 92%; porcine: 8%). The Carpentier-Edwards Perimount or Magna Valve (Edwards Lifesciences, Irvine, CA, USA) was implanted in 158 patients (89%) in the tissue group. In both the tissue and mechanical groups, the aortic prosthesis was most often 23 mm in size. The average size of the aortic prosthesis was 22.04±1.63 mm in the mechanical group and 22.74±1.69 mm in the tissue group.
The mean age of the patients in the tissue group was higher than that of the patients in the mechanical group. A history of stroke was more prevalent in the tissue group than in the mechanical group. No other preoperative variables differed between groups. Fifty-four patients (20%) underwent concomitant cardiac procedures. The concomitant cardiac procedures included coronary artery bypass grafting (n=25, 9%), mitral valve repair (n=29, 11%), tricuspid valve repair (n=17, 6%), ascending aorta replacement (n=11, 4%), and a maze procedure (n=20, 7%). A betweengroup comparison of the baseline characteristics is presented in Table 1 .
2) Hemodynamic performance and outcomes
There was 1 patient whose AVMPG found to be over 40 mm Hg. He had received a pericardial aortic prosthesis 14 years ago, and had yet to undergo a reoperation on the closing date of the study. The average AVMPG and LVMI in the mechanical group were not significantly different from the corresponding values in the tissue group. In a sub-analysis limited to prostheses in the supra-annular position, the average AVMPG before discharge and at 1 and 5 years after surgery was lower in the mechanical group than in the tissue group (before discharge: p=0.007; 1 year: p=0.028; and 5 years: p=0.025). The average LVMI did not differ between groups at any time postoperatively. The hemodynamic outcomes are summarized in Table 2 and Fig. 1. 
3) Clinical outcomes
There were no cases of in-hospital mortality or 30-day mortality in either group. Postoperative complications were rare and did not significantly differ between groups. Table 3 summarizes the early clinical outcomes. There were 12 late deaths (13%) in the mechanical group and 8 (4.5%) in the tissue group (p=0.881) (Fig. 2A) . The 10-year survival rate was 83% in the mechanical group and 90% in the tissue group. The frequency of cardiac mortality did − 104 − Indicates a statistically significant difference between groups. not significantly differ between the mechanical (n=9, 10%) and tissue groups (n=6, 3%) (p=0.7) (Fig. 2B) . The overall incidence of MAVREs was 19% (n=18) in the mechanical group and 10% (n=17) in the tissue group (p=0.555) (Fig. 2C) . The incidence of anticoagulation-related events was greater in the mechanical group (p=0.017) (Fig. 2D ), but no significant differences were found according to the patient's place of residence (p=0.861) or level of education (p=0.428). Sixteen patients (6%) had anticoagulationrelated events. In the mechanical group, 13 patients (14%) experienced anticoagulation-related events, including 7 bleeding events (44%) and 9 thromboembolic events (56%). In the tissue group, there were 3 anticoagulation-related events (1.7%), including 1 bleeding and 2 thromboembolic events. There were 4 late reoperations, which were performed due to structural tissue prosthesis degeneration (n=1), acute type A aortic dissection (n=1), and prosthetic valve endocarditis (n=2). The case of structural degeneration of the tissue prosthesis occurred in a patient who was on chronic dialysis. Prosthetic endocarditis occurred in 1 patient in each group. All reoperations were successful, with no cases of early mortality. In the univariate analysis, the type of aortic prosthesis was found to be unrelated to overall morality, cardiac mortality, or MAVREs. A mechanical aortic prosthesis and NYHA class III/IV status were risk factors for anticoagulation-related events in the univariate and multivariate analyses. Hypertension and NYHA class III or IV status were independent predictors of cardiac mortality (p=0.042) and MAVREs (p=0.001). The statistical analyses and Kaplan-Meier survival curves are shown in Table 4 and Fig. 2 .
Discussion
Current guidelines from North America suggest relatively clear age thresholds of 70 years for bioprostheses and 50 for mechanical prostheses [1] .
Moreover, the ESC recommends either mechanical or tissue prostheses between the ages of 60 and 65 [5] . Thus, 60-70 years is the most controversial age range for selecting the type of prosthesis. We performed this study because no previous report has focused on this age group. In contrast to previous studies, our study population did not include patients who underwent a cardiac reoperation or other younger or older patients [8] [9] [10] [11] [12] [13] . No previous studies have specifically investigated the age threshold of 65 years that is mentioned in the current guidelines. Herein, we focused on the impact of prosthesis type and age on clinical and hemodynamic outcomes.
Because we only included patients in their 60s who underwent their first cardiac operation, there were lower rates of coronary artery disease, concomitant coronary artery bypass, and poor NYHA sta- tus (III/IV) than in the populations described in previous publications [8] [9] [10] [11] . In this study, the 10-year survival rate was high: 83% in the tissue group and 90% in the mechanical group. Life expectancy is increasing in many countries in North America, Europe, and Asia [7] . Using tissue prostheses in the young may lead to an increase in structural valve degeneration late in these patients' lifespan. Cardiac reoperation is becoming safer than before. However, the risk of reoperation is always higher than that of first-time operations. Although transcatheter aortic valve replacement is an option, that technique has several limitations, including the size of the prosthesis and the unavailability of long-term outcomes [17, 18] . Thus, some authors have advocated using mechanical prostheses in older patients [10, 11, [19] [20] [21] [22] . We did not find any differences in overall and cardiac mortality or valve-related events between the mechanical and tissue prosthesis groups. However, using a mechanical valve was a predictor of anticoagulation-related events. This is an inevitable drawback of mechanical prostheses, because of the need for postoperative chronic anticoagulation therapy. In the study, educational level and place of residence were not related to anticoagulation-related events. These should not be barriers for choosing to use a mechanical prosthesis. However, a meticulous anticoagulation program is important to improve the outcomes of patients who receive a mechanical aortic valve.
Our recommendation for the choice of an aortic prosthesis is similar to the current ACC/AHA guidelines. In this study, the patient's age was not related to overall mortality, cardiac mortality, valve-related events, or anticoagulation-related events. This is consistent with the findings of other studies [13, 19] . Considering the longer life expectancy in most developed countries, the implantation of tissue prostheses in patients younger than 65 seems to be inappropriate. Tissue prostheses should be recommended after discussion of the bleeding risk due to anticoagulation and possible late reoperations. It should also be noted that quality of life and the costs of follow-up can be affected by the mode of anticoagulation. The inconvenience of frequent follow-up and repeated blood testing, noises from the mechanical valve, and restrictions on food and medicine can decrease patients' quality of life. Our target INR was somewhat lower than the levels presented in current recommendations [1, 5] , because herbal medicines, which usually increase the risk of bleeding [23] , are popular in Korea. Although sophisticated INR control has been emphasized recently, point-of-care INR testing and dedicated anticoagulation centers are not yet available in most countries, including Korea. In this study, thromboembolic and bleeding events occurred at about the same frequency (thromboembolic: 56%; bleeding: 44%). These results suggest that our anticoagulation strategy successfully balanced the risks of bleeding and thromboembolism. In the tissue group, the incidence of anticoagulation events was quite low (1.7%).
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We experienced 1 case of premature tissue valve failure (0.6%) at 6 years after operation and are following a patient whose AVMPG is over 40 mm Hg. This is consistent with previous studies that have reported low rates of bioprosthesis failure in older patients [24, 25] . Most patients with a bioprosthesis were placed on an antiplatelet agent with strict blood pressure control. Statins were also used in some patients due to studies showing their effectiveness [26, 27] . In this study, bovine pericardial prostheses were used much more frequently than porcine prostheses. In general, pericardial prostheses are considered to be more durable, with superior hemodynamic performance [25, 28, 29] . Life expectancy in Korea is rapidly increasing [30] , so the choice of a pericardial prosthesis may be reasonable.
In general, mechanical prostheses are considered to have better hemodynamic performance than tissue prostheses [31] . In our study, however, we did not observe hemodynamic superiority of the mechanical prostheses in the overall population. The mechanical group included patients who received an older type of mechanical valve with everting rather than non-everting sutures. Therefore, we compared the early hemodynamic performance between mechanical and tissue prostheses implanted in the supra-annular position with those implanted using the non-everting suture technique. The average AVMPG was lower in patients with a supra-annular mechanical valve than in those with a pericardial tissue valve. However, the LVMI did not differ significantly between groups, suggesting that the difference in AVMPG between groups may not have been clinically significant.
This study has some limitations. The retrospective study design and the small number of patients limit the interpretation of our results. To overcome heterogeneity between the mechanical and tissue groups, we performed multivariate analysis. We did not use a point-of-care INR test, and did we not have a dedicated INR monitoring system. However, monthly follow-up of patients with a stable INR level is a widely accepted strategy at many centers. Finally, the follow-up duration of our study was not long enough to compare structural valve degeneration, which usually occurs 10 to 15 years after surgery.
In conclusion, our study suggests that aortic tissue prostheses are superior to mechanical aortic prostheses regarding anticoagulation-related events, and are not inferior to mechanical aortic prostheses in terms of overall and cardiac mortality, MAVREs, and hemodynamic performance. In this respect, tissue prostheses could be selected for patients younger than 65. However, considering the increase in life expectancy and the likelihood of reoperation, mechanical prostheses are preferable for the elderly. Thus, assessing the risk of bleeding and thromboembolism, as well as choosing the most appropriate anticoagulation strategy, may be key considerations in prosthesis selection.
